Aims-To test the hypothesis that external radiant heating might lead to significant fluctuations in superficial and core head temperatures in newborn infants. Methods-In an observation group of 14 term infants nursed under a radiant heater, servo-controiled to the abdominal skin, changes in rectal, core head, and scalp temperatures with heater activation were examined. In a further intervention group of six infants the effect of a reflective head shield on the fluctuations of scalp temperature was also tested. Results-In the observation group, when the heater had been offfor 30 minutes, the rectal and scalp temperatures were 36-7 (SD 0 6) and 35-6 (0-6)°C, respectively, a difference of 1*2 (0.2)°C. After 30 minutes with the radiant heater on this fell to 0*2 (0.5)°C. The core head temperature, however, remained similar to the rectal temperature throughout. In the intervention group a reflective shield prevented the loss of the rectal-scalp gradient. Conclusion-Overhead heater activation is associated with loss of the core to scalp temperature gradient, but no change in core head temperature in term infints. The clincal relevance of this superficial heating in vulnerable infants warrants further study. (Arch Dis Child 1996; 74: F200-F203) 
Recent data consistently suggest that cerebral temperature critically modulates cerebral damage after hypoxic-ischaemic insults.' Even mild cerebral hyperthermia during or following the insult may exacerbate damage.2 3 Thus factors which determine head temperature in newborn infants must be examined. The brain is metabolically highly active, and produces about 70°/O of total body heat in the newborn. 4 The heat produced is dispersed mainly by radiative loss from the scalp, and by conductive loss via the cerebral circulation. In both adult neurosurgical patients5 6 and in newborn infants7 the core intracerebral temperature, most closely reflected by intraventricular temperature, is reported to be higher than both body temperature (rectal or oesophageal) and the temperature of the epidural space, and its overlying skin. These gradients clearly reflect the two mechanisms of heat loss.
Thus the balance of cerebral metabolism (heat production), cerebral blood flow, and scalp radiation determines cerebral temperature. The effects of external heating of the head in term infants nursed under overhead heaters have not been studied; such infants may have been exposed to perinatal asphyxia. As radiative heat loss from the scalp is primarily determined by skin and environmental temperature, 8 9 external heating could cause a loss of the core to skin temperature gradient in the head. If cerebral blood flow did not increase in compensation, there might also be a rise in core head temperature.
A key advance in the study of infant temperature regulation has been the application of the 'zero gradient' method to measure core bodyl0 and head temperatures,7 using thermistors placed between the skin and underlying mattress. This approach takes advantage of the fact that infant mattresses are very highly insulating, while warm skin conducts heat rapidly.'0 Thus the skin against the mattress rapidly warms up to the core temperature, and heat flux from core to environment falls to negligible levels. Once equilibration has occurred, temperatures at such a site do not lag significantly behind changes in rectal temperature.7 10 Hence temperature recordings from sites beneath the head and body can be taken as equivalent to the core head and body temperatures.
In this study we examined sequential changes in rectal, scalp, and core temperatures in term infants for up to 48 hours after birth. As these data suggested a very rapid increase in the temperature of the scalp over the fontanelle, compared with the core body and core head temperatures, when the heater restarted after being spontaneously off for 30 minutes or more. We then compared the effect of external heating with and without a reflecting heat shield over the head of the infant, on scalp and rectal temperatures.
Methods
The sample population consisted of term infants requiring mechanical ventilation in the neonatal intensive care unit (NICU) at the National Women's Hospital. The In a second intervention group of six additional infants the effect on the temperature responses of a reflective heat shield placed over the head was tested. The heat shield consisted of a perspex head box usually used for delivering oxygen, covered with reflective foil. For this study the radiant heater was turned off for 30 minutes, and then switched on for 30 minutes, with and without the reflecting shield. The studies were performed in alternating order. The scalp over the fontanelle, rectal, and back against the mattress (core body) temperatures were again analysed every 10 minutes for 30 minutes, before and 30 minutes after the heater was turned on. The infants were all supine throughout this intervention study. Ethical approval for the studies was obtained from the Auckland Area Health Board Ethics Committee. Informed consent was obtained from the parents before starting recording.
STATISTICAL METHODS
The significance of the changes in temperature was determined for use of the shield, heater activation, and between the sites of temperature, using repeated measures analysis of variance. As a significant interaction between shield, site of temperature recording, and heater activation was found, further comparisons were made using the paired t test, with the significance adjusted using the Bonferroni correction for multiple comparisons. All data are presented as mean (SD), except in fig 1, where the temperatures are presented as mean (SEM).
Results
The infants were 39-3 (1 8 weeks) of gestation and weighed 3383 (331) g, with Apgar scores of 5 (3) and 7 (2) at 1 and 5 minutes, respectively; the observation and intervention group were not significantly different (table 1).1
In the 14 infants at the end of the (first) period, when the heater was off for at least 30 minutes, the rectal and scalp over the fontanelle temperatures were 36-8 (0 3) and 35-6 (0 3)°C, respectively, a difference of 1-2 (0-2)°C. When the radiant heater was turned on, the rectal and scalp temperatures were 37-1 (0 5) and 36-9 (0 6)°C after 30 minutes, a difference of only 0-2 (0 5)'C (P<0-001, compared with when the heater was off). Three of the infants had scalp temperatures that were transiently higher than rectal temperature after heater activation; the greatest difference was 1 00C, 10 minutes after heater had been put on.
The core body, core head and rectal temperatures were not significantly different from each other at any time (P=0*58, repeated measures ANOVA), and showed a similar time Gunn, Gunn sequence of changes, with a gradual fall when the heater was off and rise when it was on (P<0'04). The core body temperature was 36-8 (0 3)°C at the end of the heater off period, and 37-4 (0-9)°C after 30 minutes with the heater on. The core head temperatures were 36-7 (0 3)°C with the heater off and 37-2 (0 5)°C after the heater was on: 0 07 (0 06)°C less than rectal and 0 1 (0 1) higher than rectal temperature, respectively.
EFFECT OF REFLECTIVE HEAT SHIELD IN INTERVENTION GROUP
In six infants a similar pattern of changes was found when the heater was switched off for 30 minutes, and then switched on for 30 minutes (fig 1) .1 Analysis of variance suggested that there were significant effects for the site of temperature measurements (rectal vs scalp temperatures, P<0 001) and of heater activation (P=0.005), with significant interactions between use of shield, heater activation, and site of measurement (P<0 0001).
After 30 minutes with the heater switched off the rectal and scalp temperatures were 36-9 (0 5)°C and 35-4 (0-7)°C, respectively, a rectal-scalp temperature difference of 1-5 (0 4)°C. When the heater started this gradient fell to -0-05 (0 52)°C after 10 minutes (P<0 001 vs heater off), and was 0-24 (0 47)°C (P<0 01) after 30 minutes of heating. In three of the six the scalp temperature transiently exceeded the rectal temperature, after 10 minutes ofheating. In contrast, when a heat shield was placed over the head, the difference between the rectal and scalp temperatures did not change significantly when the heater was turned back on (1 5 (0 5)°C at 0 minutes vs 1-4 (0A4)°C at 10 minutes and 1-3 (0A4)°C at 30 minutes; not significant).
The use of the heat shield did not significantly alter the rectal temperatures at any stage of the study, but there was, of course, a significant interaction between time and heater activation, as the rectal temperature responded gradually to the external heating (P<0 0001). Without a heat shield the rectal temperature initially fell from 37.3 (0 5)OC to 36.9 (0-5)OC in 30 minutes, then rose to 37-3 (0 5)°C after 30 minutes with the heater on. These changes are similar to those seen with the shield in position, when the rectal temperature fell from 37-2 (0 4) to 36&9 (0 4) then rose to 37-1 (0A4)°C. Very much like the observational study, the core body temperature (the back of the trunk against the mattress) of the infants was very similar to, and changed in parallel with, the rectal temperatures throughout the intervention study; the back temperatures were 0-02 (0-18)°C and 0-08 (0d16)°C higher, respectively (not significant) than rectal temperatures at the end of the two periods with the heater off. This difference did not vary signifcantly over time.
Discussion
During continuous observation of term ventilated infants under a radiant heater in the first 48 hours of life, we found that usually the rectal temperature was greater than that of the scalp over the fontanelle by a mean of 1 20C. However, this gradient was abolished when the heater was activated; in some infants the scalp temperature transiently exceeded the rectal temperature, by up to 0-5°C. Similar large swings in temperature are seen in preterm infants where the incubator temperature is servo-controlled from the abdominal skin; these have been related to thermistor attachment and to several aspects of heater design, particularly the feedback systems. '2 In the intervention protocol there was a slow and modest decline in rectal temperature with the heater off and a similarly slow rise in the 30 minutes after the heater was turned on. The scalp temperature was 1-5 (04)°C below rectal temperature in the 30 minutes when the heater was off. In contrast, the rectal to scalp temperature gradient was lost within 10 minutes of the heater starting, and was only 0 2°C after 30 minutes. A head heat shield completely prevented this rapid loss of the rectal-scalp gradient. These data suggest that the acute rise in scalp temperature is due to direct infrared irradiation, rather than central warming. 13 Although relatively little is known of the changes in normal human brain temperatures, limited studies in adult neurosurgical patients suggest that there is a normal positive gradient between the temperature of the lateral ventricles, and both the rectal and epidural temperatures. The lateral ventricular temperature was a mean of 0 33°C above that of the rectum; this gradient was much higher in a few patients (up to 2 3°C), but was abolished or reversed in up to 10% of patients, at times. The lateral ventricular temperature was always greater than the epidural temperature by between 0 4 and 1*00C.6 Thus, although rectal temperature came close to epidural temperature in most patients, in a few there were noticeable discrepancies of up to 1°C.
Clearly such invasive measurements will seldom be possible. In the present study the zero gradient method was used to follow core body and head temperatures. This methodology was first proposed by Dollberg et al,'0 as a safe, non-invasive alternative to rectal monitoring, in an experimental study of piglets. The back of trunk temperatures in the present study very closely tracked the rectal temperature, confirming that this site, insulated by the underlying mattress, provides an excellent estimate of core temperature.
Subsequently, a very similar approach has been used clinically by Simbruner et al,7 to follow the core temperature of the head in premature and term infants. They examined the importance of using measured heat flux to standardise the estimate of core temperature to zero, compared with the empirical estimate based on skin temperature measured from an insulated site. This adjustment was shown to lead to a difference of less than 0 2°C. These authors also directly measured the temperature gradient between the intraventricular space and skin in two premature infants. In these infants there was an initial gradual drop in temperature (03-04°C) between the lateral ventricles to the cortex, and then about 1°C drop over the last 1 cm of cortex and skin.7 This consistent gradient within the brain clearly reflects the normal heat loss from the newborn head even in the relatively warm environment of the incubator. 8 The gradient between the core temperature of the head, and body (oesophageal) temperature in the infants, was 072 (0-12)°C.7 This slightly larger gradient, compared with adults, might be suggested to reflect proportionately larger heat production by the head in infants, or differences in the actual site of measurements, and the effects of anaesthesia.
In the present study, however, where the infants were nursed under overhead heaters, we found no significant difference between the core head and body temperatures.This difference is probably due to the lower background environmental temperature on a heat table compared with the incubators.'2 13 This will have increased radiative heat loss in these infants, reducing core head temperature.8 9
Heat flux from the head but not core head temperature, has been related to environmental temperature, over a limited range of temperatures in an infant incubator.7 Furthermore, the gradient was substantially increased in infants with reduced cerebral blood flow (09-1.20C), and there was a trend to a reduction (0-16°C) in infants with severe encephalopathy, and hence reduced cerebral metabolism. Together, these data were taken to imply that cerebral metabolism and blood flow were more important factors in regulating core head temperature than superficial radiation. The data in the present study, where scalp temperature rose sharply when the heater was on, but core head temperature remained similar to core body temperature (and rectal temperature), support such a key role for cerebral blood flow in regulating infants' core head temperature. Nevertheless, a rise in scalp temperature, flattening the heat gradient between brain and scalp, must be accompanied by a rise in the temperature of intermediate or superficial brain structures -that is, the final few centimetres of the brain under the scalp, described above. This gradient sems to be normal in term infants; the effect of obliterating it is unknown, but might be adverse in infants with hypoxic-ischaemic encephalopathy.
Relative hyperthermia of even one to two degrees during or shortly after an ischaemic insult has similar effects to a prolongation of the period of ischaemia, and, is suggested, could promote cortical pannecrosis in animal studies.2 The mechanism of this adverse influence of mild hyperthermia is unclear but may be related to a dramatic increase in the release of excitotoxins.14 Preventing even a transient rise in brain temperature after normothermic cerebral ischaemia may reduce neuronal loss.3 Although only superficial cortical structures are likely to be affected by the rapid rise of the scalp temperature seen in the present study, watershed (parietal parasagittal) and middle cerebral artery damage of cortical regions are common patterns of injury in the asphyxiated term newborn. [15] [16] [17] [18] Further study of the significance of the effect of radiant heating on the cerebral temperature gradient is needed.
In conclusion, infants nursed under a radiant heater may have rapid increases in the temperature of the scalp during standard care, with loss of the head core to scalp gradient, but no change in the core head temperature relative to body temperature. A reflecting shield over the head of the infant prevents this superficial heating.
